A sequence of 1801 nucleotides originating from the 3' end region of turnip mosaic virus (TuMV) RNA was cloned using the polymerase chain reaction and found to contain one long open reading frame (ORF). The amino acid sequence of three different regions of the isolated TuMV capsid protein (including the NHz terminus) was determined and these partial sequences were found in the translation product predicted to be encoded by the large ORF. The data suggested that the TuMV capsid protein was a product arising from the maturation of a larger polyprotein, as observed for other potyviruses. Furthermore, the putative cleavage site corresponded to a glutamine-alanine dipeptide, a site commonly used in plant virus polyprotein processing. The capsid protein cistron was composed of 864 nucleotides and corresponded to a region encoding 288 amino acids with a calculated Mr of 33186; the adjacent 3' non-coding region was 667 nucleotides long. The deduced amino acid sequence of the TuMV capsid protein is closely related to other potyvirus capsid proteins, with most of the variation being found within the NH2-terminal region.
Turnip mosaic virus (TuMV) is a member of the potyvirus group, being a flexuous, rod-shaped particle 720 nm in length (Tomlinson, 1970; Hollings & Brunt, 1981) . TuMV has a wide host range, infecting many economically important crop plants, and is considered to be one of the most significant viruses in the world affecting Brassica species (Tomlinson, 1987) . Potyviruses have a monopartite RNA genome with an Mr estimated at 3.5 x 106 (Hill & Shepherd, 1972; Hill & Benner, 1976) . The RNA is polyadenylated and is linked at its 5' end to the protein VPg. The genomic RNA is translated into a polyprotein precursor which is proteolytically processed into possibly eight translation products (Shields & Wilson, 1987; Dougherty & Carrington, 1988) . Here, we report the cloning, using the polymerase chain reaction, and the nucleotide sequence of the TuMV capsid protein cistron as well as its deduced amino acid sequence.
Naturally infected Brassica napus ssp. napobrassica (L.) Mill (rutabaga) plants showing mosaic, stunting and leaf deformation were collected from a field near L'Assomption, Qu6bec, Canada. The virus was maintained and propagated on B. napus ssp. napobrassica cv. Laurentian plants by successive inoculations. The virus was purified from infected plants using basically the procedure described by Choi et al. (1977) . Electron micrographs of freshly prepared purified virus preparations showed flexuous filamentous particles approximately 720 nm long, characteristic of potyviruses (data not shown). Gel electrophoresis in denaturing conditions revealed that the virus preparation consisted of a predominant protein species with an Mr of 34K, which was identified as the capsid protein (data not shown). Finally, the viral preparation was digested with proteinase K and the nucleic acid purified and analysed on a denaturing agarose gel. Staining of the gel with ethidium bromide after electrophoresis revealed a single RNA band larger than the 9.5 kb RNA marker from BRL, which is in the range expected for potyvirus RNA (data not shown).
The amino acid sequence of the protein was determined using procedures previously described (Lazure et al., 1989) . The initial yield was 265 pmol (estimated through linear regression), which corresponded to 78 % of the protein analysed. The NH2-terminal sequence of the capsid protein was as follows: Ala-Gly-Glu-Thr-LeuAsp-Ala-Asp-Leu-Thr-Glu-Glu-Gln-Lys-Gln-Ala-Glu. The capsid protein was also treated with Lysobacter LysC protease, after which it was possible to isolate by HPLC two major peptide fractions which were sub-0000-9768 © 1990 SGM Short communication mitted to NH2-terminal sequencing. The early eluting peptide gave two amino acid sequences: the major one corresponded to the previously identified NH2-terminal sequence thus in effect confirming the assignment, whereas the minor one yielded Glu-Val-Asn-Ala-GlyThr-Ser-Gly-Thr-Phe-Ser-Val-Pro. The later eluting peptide yielded a single sequence: Ala-Ala-Ala-Leu-ArgGly-Ala-Asn-Asn-Asn-Leu-Phe-Gly-Leu-Asp-Gly-AsnVal-Gly-Thr-Thr-Val-Glu-Asn. The deduced sequences showed 77% and 63~ identity to positions 33 to 45 and positions 222 to 246 of the reported potato virus Y (PVY) coat protein sequence, respectively (Shukla et al., 1986) . Double-stranded cDNA was synthesized from 5 pg of TuMV RNA primed with oligo(dT)lz_18 (Maniatis et al., 1982) and inserted into the vector LambdaZap (Stratagene). The clones containing recombinant phages were selected by colony hybridization using first-strand [32p]cDNA as a probe. Two clones, pSK1200 and pSK500, were isolated, characterized and fully sequenced in both directions by the dideoxynucleotide chain termination method (Sanger et al., 1977) , employing T7 DNA polymerase (Pharmacia). Comparison of the resulting nucleotide sequences with published sequences indicated that these two clones mapped within the 3' half of the capsid protein cistron and the 3' noncoding region of the viral genome. In addition, clone pSK1200 ended with a stretch of seven adenines resulting from the poly(A) tail associated with potyviruses.
In order to obtain the sequence of the 5' half of the capsid protein cistron, we adopted an approach making use of the polymerase chain reaction (PCR) (Belyasky et al., 1989) . To this end, three oligomers were synthesized. The first, FT2, was derived from the sequence data of pSK1200 and was complementary to the viral RNA at positions -1122 to -1102, numbered from the first nucleotide preceding the poly(A) tail (the positions of the PCR primers are indicated in Fig. 1 ). This oligomer corresponded to the 3' end PCR primer and was used for all amplifications. The second oligomer JF1, derived from the amino acid sequence of the purified capsid protein, encoded Glu-Glu-Gln-Lys-Gln-Ala and was homologous to the viral RNA at positions -1501 to -1485. Single-stranded cDNA molecules were synthesized from 2 ~tg of viral RNA, diluted 1000-fold and amplified with the Taq polymerase (Perkin Elmer Cetus Corp.) using the respective oligomers. After 35 cycles of amplification, the DNA was separated by agarose gel electrophoresis and the expected fragment of 400 nucleotides was observed. This fragment was electroeluted, tailed using dCTP and annealed to dG-tailed pUC9. However, the fragment that was obtained lacked the nucleotide sequence encoding the NH2 terminus of the capsid protein. The NIb proteins ofpotyviruses share (Allison et al., 1986) , plum pox potyvirus (PPV) (Lain et al., 1989) and PVY (Robaglia et al., 1989 ) was chosen to obtain nUcleotide information for the synthesis of a degenerate primer, JF5, that allowed further cloning of the TuMV genome in the 5' direction. Following amplification, the expected fragment of 800 nucleotides was obtained and cloned as above. Three clones, one from the 400 and two from the 800 nucleotide amplifications, were subsequently sequenced. The different sequences were aligned and yielded a continuous sequence of 1801 bases. As shown in Fig. 1 , this sequence contained a large open reading frame (ORF) composed of 1234 nucleotides which was terminated by a UGA stop codon and followed by a 3' noncoding region of 667 nucleotides. The other reading frames contained few extended ORFs. However, the initiation codon of the large ORF could not be localized. This result was expected because potyviral RNAs are initially translated into a single large polyprotein which is later proteolytically processed into smaller fragments (Dougherty & Hiebert, 1985) .
The amino acid sequence of the native capsid protein, as well as those obtained from sequencing two peptides obtained from LysC digestion, was found within the translation product predicted for the large ORF (Fig. 1) . Based upon the NHE-terminal sequence of the native protein, it is possible that the mature capsid protein is produced following cleavage of a Gln-Ala dipeptide within the polyprotein precursor; potyviral coat proteins are known to be released from longer precursors by proteolytic cleavage at Gln-Gly, Gln-Ser or Gln-Ala dipeptides (Dougherty et al., 1989) . Therefore, from these results, the cistron encoded a capsid protein composed of 288 amino acids corresponding to a calculated Mr of 33 186, a value well in agreement with the estimated Mr obtained following SDS-PAGE.
The TuMV genome was also characterized by a long 3" non-coding region of 667 nucleotides that was relatively (A + U)-rich (58 %). No potential polyadenylation signal (AAUAAA) was observed in the TuMV 3' non-coding region, although this sequence was identified in tobacco vein mottling virus (TVMV) (Domier et al., 1986) . Many potyviruses have non-coding tails which are in the range between 250 and 500 nucleotides long. In addition, no significant similarity was found to other potyviruses. Frenkel et al. (1989) have suggested that the sequence of the 3' untranslated region of the potyvirus genome may be an accurate marker of genetic relatedness. According to this hypothesis, the TuMV strain that was isolated and characterized in this study would appear to be a distinct potyvirus.
The deduced amino acid sequence of the TuMV capsid protein was compared, among others, with those previously determined for the capsid protein of sugarcane mosaic virus (ScMV) (Gough et al., 1987) , pepper mottle virus (PeMV) (Dougherty et al., 1985) , PVY (van der Vlugt et al., 1989) , TVMV (Domier et al., 1986) and PPV (Lain et al., 1988; Maiss et al., 1988) . Alignment of these sequences revealed the presence of very highly conserved regions. For example, if one considers the amino acid sequence of the COOH-terminal 233 residues, the extent of sequence similarity between the various capsid proteins and the TuMV sequence was 63.1~ (ScMV), 68-7~ (PeMV), 66.1~ (PVY), 56.2~ (TVMV) and 70.4~ (PPV), respectively. However, it was quite clear that this sequence similarity decreased drastically if one considered the NH2-terminal portion.
In conclusion, the sequence of TuMV RNA encoding the capsid protein is similar to that reported for other potyviruses, with the exception of its NH2-terminal region and unusually long 3' non-coding region.
